Gantry position dependent field inhomogeneity in our upgraded MRI-linac prototype can be mitigated by appropriate shimming in combination with a minimum read-out gradient strength of 10mTm -1 to yield a spatial accuracy of 1.0mm.Given the reproducibility of the shim settings, look-up-table-based shimming is feasible for static gantry positions. This reduces the preparation time needed before imaging after the gantry angle has changed. For simultaneous gantry rotation and MR imaging, look-up-table-based dynamic shimming solutions may be implemented.
was tested, under 62 MeV proton beam at Laboratory Nazionali del Sud, (Catania Italy) and under 180 MeV proton beam at Svedberg Laboratories, Uppsala Universitet, (Uppsala Sweden). During these beam tests several experiments concerning tomography and radiography images, were carried out. In particular in this work will be reported the PRIMA experience on the data acquired using special phantoms for radiography and tomography. The performed tests aimed to evaluate the clinical applicability of proton radiography in terms of image quality. In this paper the experimental setup will be described, radiographic and tomographic images will be shown and quantitative results on spatial resolution will be reported. Materials and Methods: PRIMA apparatus implements the 'single protontracking' technique: each proton is treated singularly using silicon tracker and its residual energy is measured by a calorimeter. The tracker has four silicon microstrip x-y planes to measure the proton coordinates in the plane orthogonal to the beam (x-y). The calorimeter is made of four YAG:Ce optically separated crystals, with size3×3×10cm 3 , arranged as a 2x2 matrix. This material has been selected due to its short decay time (70 ns) and because its scintillation light is in the photodiode sensitivity range. The phantom to be investigated is placed between silicon tracker modules and the radiography is reconstructed, while for tomography purpose the phantom is rotated using a motorized system and several projections are acquired and then reconstructed with a tomographic reconstruction algorithm. The phantoms are custom-made and suitable for high-contrast spatial resolution. Results: The FilteredBack-Projection (FBP) algorithm was used to reconstruct projections of a phantom acquired with a 62 MeV proton beam. The image noise and spatial resolution were assessed for different parameters of the filter used, with and without cuts on proton directions. Without cuts, a good compromise between resolution and noise (respectively, 0.900 mm and 2.4%) was obtained using a Butterworth filter of order 4 and cut-off frequency equal to 20/128 of the projections Nyquist frequency. The 62 MeV proton radiography was reconstructed with two different methods and a value of FWHM 0.400±0.212 mm was found when a cut on the difference between the exit and entrance angle of the proton is applied. A value of FWHM 1.302±0.555 mm was found for 180MeV radiography which suffers of low statistic and therefore is noisy. Conclusions: These results show the good performances of the PRIMA prototype scanner even with low statistic and encourages working on the development of a similar equipment with an enlarged field of view.
PD-0410
Design and commissioning of a robotic in-room imaging system for patient setup verification in particle therapy A. Pella Purpose/Objective: Imaging systems for patient setup verification are essential in particle therapy, where geometric uncertainties can significantly degrade the treatment efficacy. In this work we describe the design, commissioning and pre-clinical testing of a custom robotic system for image guided particle therapy. Materials and Methods: The system is composed by an articulated robot with six joints, mounting a custom designed C-arm structure with an X-ray tube and a flat panel with pulsed fluoroscopy capabilities. The system has been designed to provide both orthogonal static projections and three dimensional (cone beam CT, CBCT) imaging. A Leica laser tracker featuring 0.1 mm\m accuracy was used for commissioning the mechanical system. Both static and dynamic imaging were considered, to assess the absolute accuracy in repositioning over 20 movements in antero-posterior (AP), right-left (RL) and left-right (LR) positions, and vibration in cone-beam CT acquisition over a 220° range. Calibration of imaging devices was implemented as a LevenbergMarquardt optimization of back-projection errors, relying on a radioequivalent phantom with 37 embedded ball bearings. The calibration accuracy was calculated as the residual projection errors following the optimization procedure. The accuracy of the device for patient setup verification was quantified in the static projection modality, relying on a AP/LR imaging configuration and open-source 2D/3D registration software. Thirty known linear and rotational shifts in the 10 mm / 1 degree range were applied to a radio-equivalent phantom, considering head&neck, thoracic and abdominal tumor localization. Results: The repeatability instatic positioning of the C-arm in AP/RL/LR position was found to be within 0.15 mm when measured on either the X-ray tube, flat panel and rotation center of the last robot nd ESTRO Forum 2013 joint. As for CBCT acquisition, peak to peak off-plane (orthogonal direction with respect to the plane of rotation) and in-plane vibration (radial direction) for the X-ray tube and flat panel detector measured 0.2 mm and 0.15 mm, respectively. Calibration of the imaging device, in terms of X-ray tube/flat panel position and panel orientation was within 0.3 residual pixel error. Maximum errors in image guided setup for the static acquisition modality were within 0.8 mm / 0.7 degree. The rotation about the SI axis turned out to be the most critical, due to the absence of a manual initialization in the current implementation. Conclusions: Sub-millimeter accuracy was achieved for patient setup verification in the static projections modality, which is expected to be applied clinically within Spring 2013. Vibrations in CBCT imaging were found to be negligible and preliminary CBCT reconstructions were obtained. System calibration will be extended to the rotational mode to maximize the accuracy in CBCT imaging. 
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Purpose/Objective: Four-dimensional cone beam CT (4D CBCT) is well known as powerful modality for image-guided radiation therapy. Conventionally, it is reconstructed by sorting the X-ray projection images into each respiratory phase according to a breathing signal using the FDK algorithm based on filtered back projection (FBP). This usually leads to inadequate number of projections in each phase, resulting in low quality 4D CBCT images with obvious streaking artifacts. We tried to improve the image quality for 4D CBCT using the maximum-likelihood convex (ML convex) algorithm based on the iterative reconstruction and compared with the images by FDK in signal-to-noise ratio (SNR) of the reconstructed images. Materials and Methods: We used ML convex algorithm, which has the ability to reconstruct CBCT images from a few number of noisy x-ray projections by taking knowledge of x-ray photon statistics into account. We compared the image quality of 4D CBCT by ML convex with that by FDK using projection images acquired with different rotational speeds by XVI ver. 4.5 (Elekta). Projection images were sorted by 10 phases for both reconstruction algorithms. A phantom study and patient study were performed. The convergence rate and reconstruction accuracy were evaluated using Catphan-600 physical phantom. Results: Figure shows the 4D-CBCT images produced by ML convex and FDK algorithms. The image quality of 4D-CBCT is substantially enhanced by the ML convex algorithm. Streaking artifacts, commonly presented in the image reconstructed by FDK algorithm, are almost suppressed in spite of the small number of projections. Quantitative evaluations indicated that, compared with the FDK results, the ML convex method improves the SNR and reconstructed more accurate CT value.
Conclusions:
The ML convex algorithm yielded images with higher SNR and more accurate CT value than those produced by FDK algorithm. . In this study, we determined the repeatability of DW-MRI to distinguish therapy related response from measurement variations. Materials and Methods: In eighteen patients with resectable rectal cancer receiving short-course radiotherapy MR imaging was performed including two identical DW-MRI sequences in one 1.5T MR protocolbefore each daily treatment fraction. The intra-observer repeatability, the repeatability within one MRI protocol and between consecutive days were depicted in a Bland-Altman plot. The repeatability coefficient was defined as 1.96 times the standard deviation of the differences between two measurements, expressed as percentage of the mean ADC value or volume. Results: Three females and 15 males with a median age of 59.4 years (range 39.1 -72.2) were included. The mean tumour ADC value was 1.15x10 -3 mm 2 /s (SD 0.07x10 -3 mm 2 ).The repeatability coefficient for intra-observer variation was 4.7% (figure A), for measurements within the MRI protocol 9.8% (figure B) and for measurements on consecutive treatment days 14.3% (figure C). 
PD-0412

